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Introduction
The twelve Principles Of Green Chemistry, encompassing inter alia, atom economy, less hazardous chemical syntheses, safer solvent use, improved energy efficiency and the use of renewable feedstocks, are invaluable guidelines for evaluating the greenness in the design and implementation of any new process or technology. [1] [2] [3] Burke's group has pioneered MIDA boronate chemistry, showing these compounds to be orthogonal to boronic acids in Suzuki-Miyaura (SM) reactions. By virtue of an sp 3 hybridized boron, MIDA boronates, Fig. 1 , 4 are less prone to transmetallation, exemplified by the selective cross-coupling of bromophenyl MIDA boronates with p-tolylboronic acid, affording biaryl-MIDA boronates, under anhydrous conditions. 5 Many current synthetic methods towards MIDA boronates require a multistep process, large solvent volume or an extensive period of heating. Given the above, the increasing numbers of green processes employing MIDA boronates would be far more attractive were a general, scalable, efficient process for preparing the starting material available. Herein, we describe our efforts aimed at reducing reaction times and solvent usage. Moreover, the use of microwave chemistry [24] [25] [26] for enabling quick, more efficient reactions was anticipated to be advantageous in the synthesis MIDA boronates 2 from their boronic acid precursors.
We wished to form the MIDA ester of 4-fluoro-3-formyl boronic acid 1i using the standard literature method of choice. However, we were frustrated with the reaction times involved and, hence, examined the use of microwave-mediated methods. Hence, a rapid screen of (minimal volume) solvent and potential additives was performed to ascertain the best conditions. This method was particularly propitious for screens employing small volumes of deuterated NMR solvents such that, upon cooling, the reaction mixture was transferred directly to an NMR tube then spectrometer for inspection. Employing one equivalent of MIDA, a microwave-mediated route using a short hold time of 5 mins was attempted and results are summarised in Table 1 . Table 1 shows that, apart from water (entry 3), DMSO gave the poorest results out of the solvents trialled, and reactions mixtures tended to blacken, with dimethylsulphide odour detected (entries 4, 5). This was more noticeable when molecular sieves were used as they are known to be Lewis acidic and could increase decomposition (entry 5) and large amounts of impurities in the crude NMR were observed. 27 It is notable that dry DMF was the best solvent (entry 6). We concluded that small amounts of water in reagent grade DMF (entry 7) may lead to in situ MIDA ester cleavage due to possible (basic) dimethylamine generation. 28 The result employing acetonitrile (entry 1), although comparable to that of Entry 6, was deemed to be the most promising, due to the reduced toxicity and lower boiling point of this solvent. 29, 30 Interestingly, the use of molecular sieves (entry 2) did not push the reaction to completion.
To test the reaction scope, we next synthesised a small library of MIDA boronates using the initial solvent of choice, acetonitrile, and employing a short, 5 min, reaction hold time, see Table 2 (General method A, orange highlight). Yields, in general, were good to excellent, e.g.
2a, 2c, 2o and the reaction showed good functional group tolerance. A simple alkyl MIDA boronate 2m was formed in near quantitative yield. However, 2b was formed in a low yield, for unknown reasons, and one other notable exception is compound 2p, which we were unable to synthesize. We hypothesized the lack of reaction may at least be partly due to the presence of two ortho substituents flanking the boronic acid functionality and that a higher boiling point solvent and/or extended reaction times might enable this reaction.
For 2d, 2h and 2o similar yields were achieved when the reactions were run on a small (1 mmol) or large (gram) scale. However, for the high scale reactions, some technical adjustments were required; for example, a 5 mmol scale reaction in a 35 mL CEM microwave vial often gave rise to increased pressurisation, due to a reduction in relative head space in the closed system. In order to resolve this, a like for like comparative to the original 1 mmol conditions was implemented, enabling the same relative head space. Hence, a 1 mmol scale reaction was conducted in a 10 mL vial whereas a 3.5 mmol scale reaction was performed in a 35 mL vial. Given that we had no access to 50 mL microwave vials, we ran 5 mmol scale reactions under open vessel microwave conditions.
Next, we turned our attention to DMF as solvent and increased the reaction time to 10 min, as a rapid screen showed 5 mins to lead to incomplete reactions ( Table 2 General method B, red highlight). Gratifyingly, 2p was now formed in 62% yield and a series of 2-substituted aryl and heteroaryl MIDA boronates was synthesized, mostly in moderate to good yields.
Relatively poor yields were recorded for the 2-phenol derivative 2v and the chloropyridine 2t
whereas 2y was not formed at all. Reaction optimisation studies, beyond the scope of the current work, may lead to improved yields. On increasing the scale of these conditions we found, comparable or slightly lower yields for 2p, 2s and 2w. Due to the higher boiling point of DMF, compared with acetonitrile, it allowed us to work on a larger 5 mmol scale in a closed vessel, and even an open vessel on a 10 mmol scale in the case of 2s. We also note an acceptable 44% yield for the somewhat elusive benzaldehyde derivative 2q. 23 Having considerably improved upon conventional reaction times for MIDA boronate synthesis using microwave chemistry, our next iteration needed to address the issues of solvent suitability. PEG 300 was considered as a worthy candidate solvent as it has similar properties to DMSO, in terms of polarity and hydrogen bond acceptor properties, as highlighted by Jessop, in two Kamlet-Taft plots of common solvents. 31 It also has the desired green solvent properties, viz. negligible vapour pressure, low flammability, reduced environmental damage adding to the advantage of a complete toxicity report and it is approved by the FDA for human consumption. 32 Finally, we already found it to be suitable for microwave mediated MIDA boronate synthesis (entry 8, Table 1 ).
Hence, yields in PEG 300 were generally good but, again, some technical adjustments were necessary at the start. The higher viscosity of the medium led to difficulty in stirring the reaction during microwave irradiation, sometimes leading to overheating by up to 40 o C. This was averted by limiting the maximum power on the microwave's dynamic setting to 40 W. A few trends need to be outlined ( Table 2 General method C, green highlight); yields for 2substituted MIDA boronates tend to be lower than those obtained in DMF, e.g. the poorer yields for 2s (51% vs 97%), 2u (60% vs 83%) or the significantly lower yields for 2p (14% vs 62%), 2q (9% vs 44%) in PEG 300 signify that DMF would be a solvent of choice in their synthesis. In PEG 300 comparable yields for the synthesis of 2h were obtained when performed on a low to multigram scale and an isolated yield of 82% for 2t was observed. The low vapour pressure of PEG 300 made scale up easy and we no longer experienced a limitation in vial size, as noted for acetonitrile (vide supra). Product 2h was easily made in an open vessel MW reaction on a 10 mmol scale and the work up procedure using PEG 300 proved easy; precipitation of the pure MIDA boronate product, after cooling, was achieved using water. After collection by filtration the product was washed with minimal water to remove any residual solvent.
Compatibility issues with the attempted MIDA protection of 2-heterocyclic boronic acids, which are of particular interest for slow release couplings, were encountered. 18 Test reactions were carried out on N-Boc-pyrrole-2-boronic acid, 2-furanylboronic acid and 2thienylboronic acid, but 1 H NMR inspection of the crude material in these three cases showed a large amount of impurities, and these were not pursued any further. Finally, we have checked the applicability of this MIDA forming reaction with other boroncontaining precursors and selected dichlorophenylborane 3n as a precursor ( Table 3 ). The latter, being highly reactive, was not suitable for use in the aprotic solvent, PEG 300, (entry 1) and best yields were obtained in DMF (entry 3), which are comparable to those obtained using phenylboronic acid (entry 5). 
Conclusion
A rapid microwave-mediated synthesis of a library of MIDA boronates has been developed. In many cases this reaction is high yielding, uses minimal solvent and reaction times, can be performed on a multigram scale and is tolerant of a range of functional groups. At best, performed in PEG 300 as solvent, this protocol should now represent the method of choice for the synthesis of syntheticallyimportant MIDA boronates and used in the synthesis of bioactive compounds. Results in this respect will be reported in due course. We have also found that this reaction can be used with a dichlorophenylborane precursor. Moreover, full characterisation data for these products, many of which are commercially available, are provided.
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General Experimental Methods
Solvents and reagents were purchased from commercial suppliers and used without further purification.
Boronic acids were typically purchased, and used as such, from Sigma Aldrich or Boron Molecular.
Reactions were heated using a CEM discovery microwave fitted with an explorer unit; ensure a ventilated fumehood with the sash lowered is used as these reactions are under high pressure and temperature. NMR spectra were recorded on a Varian 500 MHz or 400 MHz spectrometer. Chemical shifts are reported in ppm and are referenced to the residual solvent peak or to TMS used as an internal standard; note that in some cases the C-B bond is not detectable in the 13 C NMR. 25 LCMS were ran with a 5 µm C18 110 Å column. Percentage purities were performed using a 30 min method in water/acetonitrile with 0.1% formic acid (5 min at 5%, 5%-95% over 20 min, 5 min at 95%) with the UV set to 254 nm. High resolution mass spectrometry (HRMS) was done either internally or by the National Mass Spectrometry Facility, University of Swansea on a LTQ Orbitrap XL. A number of the products described below are commercially available or known, e.g. in patents. In these cases, 1 H, 13 C, HRMS and % purity data are presented since in many cases these data are not published. For compounds that appear to be novel, more analytical data are presented including 11 B NMR.
General procedure for MIDA boronate formation with acetonitrile (General Method A)
The boronic acid (1 mmol) was added to a 10 mL microwave vial equipped with a magnetic stirrer, and then acetonitrile (1 mL) was added, followed by methyliminodiacetic acid (MIDA) (147 mg, 1 mmol).
The Teflon cap was added and the reaction was heated using the dynamic heating method, with the maximum power set to 300 W, max pressure 250 psi, max temperature 130 o C, high stirring throughout and power max turned off. This method was used to hold the reaction mixture at 130 o C for 5 min. After cooling, the magnetic stirrer was retrieved and the acetonitrile was removed under reduced pressure giving a crude white powder. This crude material was first triturated via sonication with deionised water (5 mL), cooled in an ice bath and collected by filtration and washed with cold water (5 mL). This solid was then further triturated with diethyl ether (5 mL), cooled in an ice bath, collected by filtration and washed with diethyl ether (5 mL) giving pure product as a white precipitate (if not otherwise quoted)
which was air dried.
Notes: The 3.5 mmol scale reaction was done using a 35 mL microwave vial, with the same heating profile.
General procedure for MIDA boronate formation with DMF (General Method B)
The boronic acid (1 mmol) was added to a 10 mL microwave vial equipped with a magnetic stirrer, followed by methyliminodiacetic acid (MIDA) (1 mmol) and dry DMF (1 mL) was added to the vial.
The Teflon cap was added and the reaction was heated using the dynamic heating method, with max power set to 300 W, max pressure 300 psi, max temperature 130 o C, high stirring throughout and power max turned off. This method was used to hold the reaction mixture at 130 o C for 10 min.
After cooling, the DMF was removed under reduced pressure giving crude yellow oil. The latter was triturated via sonication with deionised water (5 mL), cooled in an ice bath and collected by filtration and washed with cold water (5 mL). This solid was then further triturated with diethyl ether (5 mL), cooled in an ice bath, collected by filtration and washed with diethyl ether (5 mL) then air dried giving pure product as a white precipitate.
General procedure for MIDA boronate formation with PEG 300 (General Method C)
The boronic acid (1 mmol) was added to a 10 mL microwave vial equipped with a magnetic stirrer, and then PEG 300 (1 mL) was added followed by methyliminodiacetic acid (MIDA) (147 mg, 1 mmol). The
Teflon cap was added and the reaction was heated using the dynamic heating method, with max power set to 40 W, max pressure 250 psi, max temperature 130 o C, high stirring throughout and power max turned off. This method was used to hold the reaction mixture at 130 o C for 5 min.
After cooling, the mixture was added to water (9 mL). This mixture was stirred forming a white precipitate, then cooled in an ice bath allowing flocculation, then collected by filtration and washed with cold water (5 mL). The precipitate was allowed to dried in an oven set to 100 o C, giving pure product as a white precipitate (if not otherwise quoted). 
Notes

